Specific interaction of 5-(N-methyl-N-isobutyl)amiloride with the organic cation-proton antiporter in human placental brush-border membrane vesicles. Transport and binding.
The interaction of 5-(N-methyl-N-isobutyl)amiloride (MIBA) with brush-border membrane vesicles isolated from normal human term placentas was investigated using two parameters: binding and transport. The binding of MIBA to placental membranes was specific and temperature- and pH-dependent, and the apparent dissociation constant (Kd) for the process was 58 +/- 2 microM. The binding was inhibited by other amiloride analogs and also by clonidine and cimetidine with a rank order potency: MIBA > benzamil > dimethylamiloride > amiloride > clonidine > cimetidine. These compounds also inhibited Na(+)-H+ exchanger activity in these membrane vesicles, but with a different order of potency: dimethylamiloride > MIBA > amiloride > benzamil > cimetidine > clonidine. The membrane vesicles were also able to transport MIBA into the intravesicular space, and the transport was stimulated many-fold by the presence of an outwardly directed H+ gradient across the membrane. The H+ gradient was the driving force for uphill accumulation of MIBA inside the vesicles. The transport process was electrically silent. The transport of MIBA was inhibited by other amiloride analogs and by clonidine and cimetidine, and the order of potency was the same as the order with which these compounds inhibited the binding of MIBA. The Michaelis-Menten constant (Kt) for the transport process was 46 +/- 2 microM. The binding as well as the transport were also inhibited by Na+ and Li+. Interestingly, tetraethylammonium and N1-methylnicotinamide, two of the commonly used substrates in organic cation transport studies, failed to inhibit the binding and transport of MIBA. Furthermore, although the outwardly directed H+ gradient-dependent uphill transport of tetraethylammonium could be demonstrated in renal brush-border membrane vesicles, there was no evidence for the presence of a transport system for this prototypical organic cation in placental brush-border membrane vesicles. It is concluded that the human placental brush-border membranes possess an organic cation-proton antiporter which accepts MIBA as a substrate, the low affinity binding site for MIBA observed in these membranes represents this antiporter, and that the placental organic cation-proton antiporter is distinct from the widely studied renal organic cation-proton antiporter.